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ABSTRACT  
 

Peanut, the most important leguminous crops in Egypt was found to be contaminated with aflatoxin (AF) in 
concentrations exceed the permissible limits. The aim of the current study was to evaluate the effect of ozone 
gaseous (O3) at different doses and exposure times on aflatoxin degradation & fat and protein content in peanut 
seeds contaminated with aflatoxin. The results indicated that application of O3 at a concentration of 40 ppm for 
10 min resulted in the degradation of AFB1 and AFB2 reached 94.58 and 99.49% respectively. However, it 
resulted in a reduction in fat and protein content reached 10.56 and 4.58% respectively. It could be concluded 
that exposure to 40 ppm of O3 for 10 min significantly degraded aflatoxins with no significant effect on fat and 
protein content and it may be used effectively for the decontamination of aflatoxin-contaminated peanut seeds. 
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Introduction 
 

Peanut or groundnut (Arachis hypogea L.), a member of the legume family, is an important food and oil 
crop. It is currently grown on approximately 42 million acres worldwide (FAO, 2011). The total production of 
peanut in Egypt was 26255 metric tons harvested from 29338 feddan, with an average yield of 895 kg/feddan 
used for human consumption, oil production, food industries, animal feeding and exporting (CAPMAS, 2012). 
Egypt is a major peanut exporting country and the European markets accounts for 68% of its peanut exports 
(FAO, 2011). In 1999, the European Commission suspended the import of peanuts from Egypt due to the 
presence of aflatoxin in concentrations in excess of maximum levels specified in EU regulations (EU, 2010). It 
is well documented that peanut may be infected by fungi (Pildain et al., 2008). Fungal contamination causes a 
reduction in grain quality through the utilization of stock carbohydrates, fat and proteins and producing also 
oxidative mellowness of the grains (Sanders et al., 1993). Aspergillus species are important colonizers of peanut 
because of their ability to produce several mycotoxins such as aflatoxins. Among the Aspergillus species, A. 
flavus and A. parasiticus are of concern due to their toxigenic potential for producing aflatoxins (Pacheco and 
Scussel, 2009). Fungal growth is directly related to the climate conditions and to the conditions during storage, 
transport and commercialization when there is no control of moisture content and temperature. Previous reports 
suggested the use of modified atmospheres by the addition of gases such as nitrogen, carbon dioxide (CO2) and 
ozone (O3) in food storage and packaging to reduce O2 concentration and consequently inhibit microorganisms 
(fungi, yeast and bacteria), maintenance of lipid stability and reduce grains respiration (Zhao and Cranston, 
1995).  

Several studies suggested that aflatoxin degradation can be achieved in different food products, either fresh 
or processed using different concentrations of O3 (Akbas and Ozdemir, 2006; Giordano et al., 2012). The higher 
degradation rate for AFB1 and AFG1 was attributed to the presence of an 8,9 double bond forming a vinyl ether 
at the terminal furan ring. Previous report suggested that O3 treatment was able to degrade aflatoxins in shelled 
Brazil nuts during storage, kept the fatty acid oxidation indicator (malondialdehyde) stable and improved the 
sensory attributes for consumer acceptance (Scussel et al., 2011). These authors also found that application of 
O3 at a concentration of 31 mg/L for 5 hours exposure affected Brazil nuts mycoflora growth, reduced their 
moisture content, degrade AFs and able to successfully destroy fungal contamination, including the Aspergillus  
flavus and A. parasiticus. The aims of the current work were to evaluate the effect of O3 on aflatoxin 
degradation as well as its effect on fat and protein content in aflatoxin-contaminated peanut seeds collected from 
different Egyptian governorates.  
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Materials and Methods 
 
Peanut samples: 

 
One hundred eighty dry peanut seed samples (10 kg each) were collected from Sharkia, Cairo and Ismailia 

governorates (60 samples/governorate) during the winter season of 2011 and stored in polyethylene bags in the 
Frigidaire for different studies. 
 
Chemicals:  

 
Media, reagents, aflatoxins standards, methanol, acetonitrile, toluene, acetic acid and sodium chloride were 

purchased from Sigma, Chemical Co. (St. Louis, MO, USA). The immunoaffinity columns AflaTes® were 
obtained from VICAM (Watertown, MA, USA). All solvents were of HPLC grade and the water used was 
double distilled with millipore water purification system (Bedford, M A, USA).  
 
Ozone (O3) production:  

 
O3 gas was produced from air using corona discharge ozone generator unit model ozo 6VTTL (OZO MAX 

LTD, shefford, Quebec, Canada) from purified extra dry oxygen feed gas. The generator was equipped with 
fumigation chamber having 25 kg volume was used for O3 treatment and the output of the generator was 25 gh-1. 
The amount of O3 in the fumigation chamber was controlled by a monitor-controller having a plug-in sensor on 
board which is changed for different ranges of O3 concentration and a belt pan in the monitorcontroller allows 
controlling the concentration in a selected range. The ozone monitor was placed outside the treatment chamber 
and the fan of the ozone monitor draws the air from inside the chamber. The ozone concentration was measured 
by a portable ozone detector (Model OZO4VTTL) in the range between 20 and 50 ppm with the accuracy of 
0.01. An ozone detector and a small pivoting fan powered by a 12 V DC motor for better contacting the 
ozonated air (Abdel-Wahhab et al., 2011). 
 
O3 treatment:  

 
Based on our pilot study, peanut seeds samples (50 g each) were exposed to O3 at three concentrations for 

different time as follow: 20 ppm for 5 min, 40 ppm for 10 min and 50 ppm for 5 min. All experiments were 
replicated three times. 
 
Production of aflatoxins:  

 
Fifty-gram lots of peanut seeds were rehydrated with 10 mL of water in a flask, sterilized at 121 ºC for 15 

min and inoculated with 2.5 ml of a spore suspension (approximately 6 x 105spores/ml) of Aspergillus flavus 
NRRL 2999. The flasks were incubated at 28 ºC for 7 days (Nagarajan and Bhat, 1973). 
 
Aflatoxins extraction:  

 
Aflatoxins (AFs) were extracted from the control, O3-treated and untreated aflatoxin-contaminated peanuts 

samples by VICAM AflaTes® according to the published method (Abdel-Wahhab et al., 2011 and Madbouly et 
al., 2012). In brief, 50 g of sample were mixed with 10 g salt sodium chloride and place in blender jar. A 200 ml 
methanol: water (80:20) was added. The sample was blend at high speed for 1 min. The pour was extracted into 
fluted filter paper and the filtrate was collected in a clean vessel. Ten ml of the filtered extract were placed into a 
clean vessel, diluted with 40 ml of purified water and mixed well. The diluted extract was filtered through glass 
microfiber filter into a glass syringe barrel using markings on barrel to measure 4 mL. 
 
Purification: 

 
Four ml filtered diluted extract (4 mL = 0.2 g sample equivalent) were completely passed through 

AflaTest®-P affinity column at a rate of about 1-2 drops/ second until air comes through column. Five ml of 
purified water were passed through the column at a rate of about 2 drops/second. The affinity column was eluted 
by passing 1.0 ml HPLC grade methanol through column at a rate of 1-2 drops second-1 and all of the sample 
elute (1ml) was collected in a glass vial. Methanol was evaporated to dryness under stream of nitrogen and 
aflatoxin was determined by HPLC. 
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Determination of AFB1 by HPLC: 
 
Derivatization: 

 
The derivatives of samples and standard were done as follow: one hundred µl of trifluor acetic acid (TFA) 

were added and mixed well for 30 s and the mixture stand for 15 min. Nine hundreds µl of water: acetonitrile 
(9:1 v/v) were added and mixed well by vortex for 30 s and the  mixture was used for HPLC analysis. 
 
HPLC conditions: 

 
The mobile phase consists of acetonitrile/water/ methanol (1:6:3). The separation was performed at ambient 

temperature at a flow rate of 1.0 mL min-1. The injection volume was 20 L for both standard solutions and 
sample extracts. The fluorescence detector was operated at an excitation wavelength of 365 nm and an emission 
wavelength of 450 nm. AFs concentration in samples was determined from the standard curve using peak area 
for quantitation. 
 
Determination of protein content: 

 
Total nitrogen was determined using the micro Kjeldahl method as described in AOAC (2000). Crude 

protein was calculated by multiplying total nitrogen value by a factor of 6.25. 
 
Determination of fat content: 

 
Fat content was determined by ether extract of the tested samples according to the method described by 

AOAC (2000). 
 
Statistical analysis: 

 
All experiments were replicated three times and the data were statistically analyzed using the General 

Linear Model Procedure of the Statistical Analysis System. The significance of the differences among treatment 
groups was determined by Waller-Duncan k-ratio. All statements of significance were based on probability of P 
≤ 0.05. 
 
Results and Discussions 
 
Effect of O3-treatment on aflatoxin content in peanut seed samples:  

 
The results of the current study indicated that the control peanut seed samples were contaminated with 

aflatoxin B1 and B2 in concentration reached 10.07 and 2.3 ng/g respectively. However, AFB1 and AFB2 
concentrations in peanuts seeds inoculated with A. flavus reached 38.43 and 6.2 ng/g. Exposure to O3 at the 
three tested concentrations resulted in a significant reduction of AFs in a dose dependent manner (Fig. 1). The 
reduction percentage in AFs (Fig 2) due to the exposure to O3 at 20 ppm for 5 min reached 80.66 and 48.23% 
for AFB1 and AFB2 respectively. However, O3 at 40 ppm for 10 min succeeded to induce reduction of 86.47 and 
80.32% of AFB1 and AFB2 respectively. On the other hand, the exposure to O3 at 50 ppm for 5 min resulted in 
94.59 and 44.68% reduction of AFB1 and AFB2 respectively.  

According to Freitas-Silva and Venâncio (2010), the application of O3 is one of the most promising tools 
available to ensure food safety. The same authors reported that the application of O3 in low doses can directly 
protect Brazil nuts from contamination by reducing the growth of pathogenic microorganisms and decay and, 
consequently, ensuring product quality. The effect of O3 treatment on aflatoxins concentration reported in the 
current study revealed that O3 succeeded to degrade  
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Fig. 1: Aflatoxin concentration in naturally-contaminated (control), artificially-contaminated and O3-treated 
peanut seed samples exposed to O3 at the three tested doses. 
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Fig. 2: Reduction parentage of AFB1 and AFB2 in aflatoxins-contaminated peanuts samples exposed to O3 at the  
           three tested doses. 

 
aflatoxin and the recorded values are blew the maximum level in the Egyptian regulations which set a 

maximum level of 5 μg/kg AFB1 and 10 μg/kg total aflatoxins in human food. Previous studies suggested that 
ozonation is an oxidation method has been developed for the detoxification of aflatoxins in foods (Samarajeewa, 
1990) and O3 is a powerful disinfectant and oxidising agent (McKenzie, 1997). It reacts across the 8, 9 double 
bond of the furan ring of aflatoxin through electrophilic attack, causing the formation of primary ozonides 
followed by rearrangement into monozonide derivatives such as aldehydes, ketones and organic acids (Proctor 
et al., 2004).  

 
Effect of O3 on fat content in peanut seed samples: 

 
The current data showed that the highest percentage of fat content in AFs-contaminated peanut seeds was 

detected in the samples collected from Sharkia (52.99%) followed by those collected from Cairo (50.90%) then 
Ismailia (49.29%) as shown in Table (1). As expected, application of ozone decreased fat content in peanut seed 
samples contaminated with aflatoxin compared to the control. This reduction in fat was increased with the 
increase of O3 concentration. Treatment with O3 at a dose of 20 ppm for 5 min resulted in insignificant decrease 
in fat in all tested samples. 
 
Table 1: Effect of different doses of O3 on the percentage of fat content in peanut seed infected with aflatoxin collected from different  
              governorates. 

Governorates 
Treatments 

Sharkia Cairo Ismailia 

Control (infected seed  52.99 ± 0.36a 50.9 ± 0.12a 49.29 ± 0.19a 
O3 (20ppm/5min) 52.55 ± 0.28a 49.17 ± 0.11a 48.47 ± 0.26a 
O3 (40ppm/10min) 48.30  ± 0.30b 44.99 ± 0.16b 44.90  ± 0.44b 
O3 (50ppm/5min) 21.44 ± 0.32c 18.86 ± 0.25c 26.91 ± 0.27c 

Within each column, means superscript with different letters are significantly different (P≤ 0.05)  
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However, it showed a significant decrease when O3 was applied at a dose of 40 for 20 min and 50 ppm for 5 

min. Application of gaseous ozone at 40 mg/g for 10 min resulted in a reduction percentage of fat content 
reached 8.85% in Sharkia samples, 13.92% in Cairo samples and 8.91% in Ismailia samples. However, O3 
treatment at 50 ppm for 5 min resulted in a significant decrease in fat content in peanut seed samples reached 
59.53% in Sharkia samples, 62.94% in Cairo samples and 45.40% in Ismailia samples. Adverse trend was 
observed by de Alencar et al. (2011), who reported that there was no alteration in peanut quality due to ozone 
gas application, except for the coloration. The same authors also found that the lipid content in peanut remained 
around 45%, regardless of their exposure to ozone gas at different periods of exposure. It is well documented 
that oil quality is dependent on the relative amounts of unsaturated and saturated fatty acids in the grain. 
Unsaturated fats are subject to oxidation leading to rancidity that may produce objectionable odor and flavor 
(Matz, 1992). Moreover, Brooks and Csallany (1978) and Mendez et al. (2003) reported that the ozone gas does 
not affect the chemical composition of peanut, soybeans and wheat grains at the concentration of 50 ppm for 30 
days. This disagreement between the current results and the previous studies may be due to the difference in 
treatment protocols.  

 
Effect of O3 on protein content in peanut seed:  

 
The data presented in Table (2) showed that the higher protein content was found in AFs-contaminated 

peanut seed samples collected form Ismailia either before or after O3 exposure followed by those collected from 
Sharkia then Cairo. The results also indicated that seed treated with O3 at the three tested doses resulted in 
insignificant decrease in protein content compared to the control samples. Application of O3 at the highest dose 
(50 ppm for 5 min) showed more decrease in protein content although this decrease was not significant 
compared to the other two doses. As, the percentage decrease in protein content recorded 7.16% in Sharkia 
samples, 4.19% in Cairo samples and 3.20% in Ismailia samples.    

 
Table 2: Protein content percentage in control and O3-treated peanut seed samples contaminated with A. flavus collected from different  
              governorates. 

Governorates 
Treatments 

Sharkia 
(%) 

Cairo 
(%) 

Ismailia 
(%) 

Control (infected seed ) 27.23 ± 0.16 26.79  ± 0.1 6 28.54  ± 0.26 
O3 (20ppm/5min) 26.96  ± 0.14 26.54 ± 0.18 28.16 ± 0.21 
O3 (40ppm/10min) 26.60  ± 0.11 26.25  ± 0.14 27.76  ± 0.34  
O3 (50ppm/5min) 25.28 ± 0.09 25.15 ± 0.08 26.89 ± 0.40 

 
The data also revealed that protein content in the samples collected from Cairo was the most affected when 

O3 was applied at 50 ppm for 5 min. In contrast, Burkey et al. (2007) reported that the elevated O3 and CO2 did 
not affect the oil and protein contents of peanut seeds. In the same direction, Heagle et al. (1998) found that 
elevated O3 did not affect the seed protein content and had only small effects on seed oil content. Previous 
studies indicated that oxidation of amino acids by O3 can change the nutritional and metabolic value of grain. 
Richard and Brener (1984) showed that in aqueous solutions, amino acids readily oxidized by O3 are those 
containing an -SH group, followed by tryptophan, tyrosine and histidine. Moreover, Mendez et al. (2003) 
showed that treatment with O3 at 50 ppm for 30 days did not change the amino acid and fatty acid contents of 
hard and soft wheat, soybean and maize. These data suggest that the ozone did not penetrate into the kernels. 
However, Cataldo (2003) reported that only cysteine and the aromatic amino acids tryptophan, tyrosine and 
phenylalanine are oxidized although the polyamide bond of the protein main chain is not degraded by the action 
of O3 in solutions. The same author stated that in the dry state (as fixed bed) the proteins are not attacked by O3 
even after hours of exposure. 

 
Conclusion: 

 
It could be concluded from the current study treatment with O3 at the highest dose (50 ppm for 5 min) 

showed a significant decrease in AFS and fat content but had no significant effect on protein content in peanut. 
However, treatment with O3 at 40 ppm for 10 did not significantly affect fat or protein content and resulted in a 
significant reduction in aflatoxin content reached 94.59 and 80.8% for AFB1 and AFB2 respectively. Taken 
together, the current study recommended the application of O3 gaseous at a dose of 40 ppm for 10 min is a safe 
tool for aflatoxin decontamination in peanuts.   
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